Rare B decays in a single Universal Extra Dimension scenario 



F. De Fazio a 

a Istituto Nazionale di Fisica Nucleare, Sezione di Bari, Italy 

Exclusive rare vv and B — > A"* 7 decays are studied within the Applequist-Cheng- 

Dobrescu model, an extension of the Standard Model in presence of universal extra dimensions. In the case 
of a single universal extra dimension compactified on a circle of radius R, we study the dependence of several 
observables on 1/R, and discuss whether the hadronic uncertainty due to the form factors obscures or not such a 
dependence. We find that, using present data, it is possible in many cases to put a sensible lower bound to 1/R, 
the most stringent one coming from B — > K*"{. 



1. INTRODUCTION 

Among the various new Physics scenarios, 
those with extra dimensions are particularly at- 
tracting pp. A special case is the Appelquist- 
Cheng-Dobrescu (ACD) model [2] in which uni- 
versal extra dimensions are considered, which 
means that all the fields can propagate in all 
available dimensions. In the case of a single ex- 
tra dimension compactified on a circle of radius 
R, Tevatron run I data allow to put the bound 
1/R> 300 GeV. Constraints can be put study- 
ing other processes, namely rare B decays induced 
by b — > s transition Pj which are induced at loop 
level and hence suppressed in the Standard Model 

(sm) m. 

In 00 the effect ive Hamiltonian inducing b — ► 
s decays was computed in the ACD model. Here, 
we summarize the results obtained in |Jj for ex- 
clusive b — ► s-induced modes. In this case, the 
uncertainty in the form factors must be consid- 
ered, since it can overshadow the sensitivity to 
1/R. Indeed, we find that computing the branch- 
ing ratios of B — > K^£ + £^ and the forward- 
backward lepton asymmetry in B — » K*l + i~ for 
a representative set of form factors, a bound can 
be put. Other interesting observables are the lep- 
ton polarization asymmetries in the case of the 
modes B -> K^t + t~. Finally, we discuss how 
the branching ratio of B — > K*-f depends on 1/R, 
from which we can establish the most stringent 
bound on this parameter. 



2. THE ACD MODEL WITH A SINGLE 
UED 

The ACD model |2] is a minimal extension of 
the SM in 4 + 6 dimensions; we consider 6=1. 
The fifth dimension x§ — y is compactified to 
the orbifold S 1 /Z2, i.e. on a circle of radius R 
and runs from to 2ttR with y = 0, y — nR fixed 
points of the orbifold. Hence a field F(x, y) (x de- 
noting the usual 3+1 coordinates) would be a pe- 
riodic function of y, and it could be expressed as 

n=+oc 

F(x,y) = F n (x)e ln - y/R . If F is a massless 

n— — 00 

boson field, the KK modes F n obey the equation 
(d^d^ + n 2 /R 2 ) F n {x) =0, ^ = 0,1,2,3 so that, 
apart the zero mode, they behave in four dimen- 
sions as massive particles with = (n/R) 2 . Un- 
der the parity transformation P5 : y — » — y fields 
having a correspondent in the 4-d SM should be 
even, so that their zero mode in the expansion 
is interpreted as the ordinary SM field. On the 
other hand, fields having no SM partner should 
be odd, so that they do not have zero modes. 

Important features of the ACD model are: i) 
a single additional free parameter with respect to 
the SM: the compactification radius R; ii) conser- 
vation of KK parity, so that there is no tree-level 
contribution of KK modes in low energy processes 
and no production of single KK excitation in ordi- 
nary particle interactions. A detailed description 
of this model is provided in [S]. 
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3. DECAYS B -> K { *H+t 
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Model the effective 
1 Hamiltonian govern- 
-> s^+£" is #w = 



4^^ 6 7 t *Ei=iCi(i")Ci(M)- G F is the Fermi 
constant and are elements of the Cabibbo- 
Kobayashi-Maskawa mixing matrix; we neglect 
terms proportional to V u bV* s . 0\, O2 are current- 
current operators, O3, ...,Oe QCD penguins, O7, 
Os magnetic penguins, Og, O\o semileptonic 
electroweak penguins. We do not consider the 
contribution to B — > K^£ + £~ with the lep- 
ton pair coming from cc resonances, mainly 
due to Ox, O2. We also neglect QCD pen- 
guins whose coefficients are very small com- 
pared to the others. Therefore, in the case 
of the modes B — » K^£ + £^, the relevant 
operators are: 7 = -rf^m^SLaV^bRajF^, 

°9 = ih^isLal^bLa) l-J^i, W = 

j^iisLaJ^bLa) ^7,u75^- Their coefficients have 
been computed at NNLO in the Standard Model 
[Sj and at NLO for the ACD model joKij : we use 
these results in our study. No new operators are 
found in ACD, while the coefficients are modified 
because particles not present in SM can con- 
tribute as intermediate states in loop diagrams. 
As a consequence, they are expressed in terms of 
functions F(x t ,l/R), x t — m 2 /Myy, generalizing 
the corresponding SM functions Fo(xt) according 



00 



to F(x t , 1/R) = F (x t ) + } j F n (x t , x n ), where 



x n — ra^/M^y and m„ = n/R [oltij . For large 
values of 1/R the SM phenomenology should 
be recovered, since the new states, being more 
and more massive, decouple from the low-energy 
theory. 

The exclusive B — ► K^£ + £" modes involve 
the matrix elements of the operators in the ef- 
fective Hamiltonian between the B and K or 
K* mesons, for which we use the standard 
parametrization in terms of form factors 1 . We 
use two sets of form factors: the first one (set A) 
obtained by three-point QCD sum rules based on 
the short-distance expansion [§]; the second one 
(set B) obtained by light-cone QCD sum rules 



|1U|. For both sets we include in the numerical 
analysis the errors on the parameters. 

In Fig. 1 we plot, for the two sets of form 
factors, the branching fractions relative to B — > 
K (*)£+£- versus 1/R and compare them with 
the experimental data provided by BaBar |llj : 
BR(B -> K£+fr) = (3.4 ± 0.7 ± 0.3) x 10" 7 , 
BR(B K*£+£~) = (7.8 ±\ 9 7 ±1.2) x 10" 7 , 
and Belle H2J: BR(B -> Kl + t~) = (5.50 ig; 7 ^ 
±0.27 ± 0.02) x 10~ 7 , BR(B -> K*£+£-) ' = 
(16.5 ±|1 ±0.9 ±0.4) x 10~ 7 . 

Set B excludes 1/R < 200 GcV. Improved data 
will resolve the discrepancy between the experi- 
ments and increase the lower bound for 1/R. 

In the case of B — > K*£ + £~ the investigation 
of the forward-backward asymmetry Afb in the 
dilepton angular distribution may also reveal ef- 
fects beyond the SM. In particular, in SM, due to 
the opposite sign of the coefficients C7 and C9, 
Afb has a zero the position of which is almost in- 
dependent of the model for the form factors J3| • 
Let 9i be the angle between the £ + direction and 
the B direction in the rest frame of the lepton 
pair (we consider massless leptons). We define 
(z = cos8i): 



Afb(l 2 



d 2 T 
dq 2 dz 



dz 



d 2 T 
dq 2 dz 



-dz 



d 2 r 

dq 2 dz' 



dz 



d 2 r 



(i) 



dq 2 dz 



dz 



1 See |7| for a detailed discussion. 



We show in Fig. 2 the predictions for the SM, 
1/R = 250 GeV and 1/R = 200 GeV. The zero 
of Afb is sensitive to the compactification pa- 
rameter, so that its experimental determination 
would constrain 1/R. At present, the analysis 
performed by Belle Collaboration indicates that 
the relative sign of Cg and C7 is negative, con- 
firming that Afb should have a zero |14j . 

We considered also the case of the modes B — * 
K(**>t + t~ , i.e. with a massive lepton. These 
modes have not been observed yet, so that it is 
not possible to compare their branching ratios 
with data. However their analysis in the ACD 
model shows that an eventual measurement of a 
branching ratio larger than 2 • 10 -7 would be in- 
compatible with the SM, independently of the set 
of form factors used. 
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Figure 1. BR{B — > K£ + £ ) (upper figures) and 
BR(B -> K*£ + £-) (lower figures) versus l/R us- 
ing set A (left) and B (right) of form factors. 
The two horizontal regions refer to BaBar (lower 
band) and Belle (upper band) data. 
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Figure 2. Forward-backward lepton asymmetry 
in B -> K*£+£- versus l/R using set A (left) 
and B (right) . The dark (blue) bands correspond 
to the SM results, the intermediate (red) band to 
l/R = 250 GeV, the light (yellow) one to l/R = 
200 GeV. 

It is also interesting to consider the asymmetry 
in the r~ polarization, defined as: 



AA{q ] = 



dr 

dq 2 



i-SA) 



dr 

dq 2 



dr 

dq 2 



(sa) 



(2) 



with A = L,T,N and s L = ^(1^1,0,0, fcg), 
ST = (0,0,-1,0), sat = (0,1,0,0) being the 
t~ longitudinal, transverse and normal polariza- 
tion vectors, and k\ its momentum in the lepton 
pair rest frame. The longitudinal asymmetry Al 
shows a mild dependence on l/R, while the trans- 
verse asymmetry At, is a more sensitive observ- 
able as displayed in Fig. 3 for the representative 
case of B — > Kt~t + . 




q 2 (GeV 2 ) 

Figure 3. Transverse r~ polarization asymmetry 
in B — > Kt + t~ obtained using set A (left) and 
B (right) of form factors. The dark (blue) region 
is obtained in SM, the intermediate (red) one for 
l/R = 500 GeV, the light (yellow) one for l/R = 
200 GeV. 

4. THE DECAYS B -> K^vv 

In the SM the effective Hamiltonian governing 
b — > svv induced decays is 

Gf oi 



H 



V ts V t * b n x X{x t ) 



V2 2ir sin 2 (6W) 

67^(1-75)5^(1-75)^ (3) 

obtained from Z° penguin and box diagrams 
dominated by the intermediate top quark. In Jjyl 
9w is the Weinberg angle. The function X was 
computed in |15I16| in the SM and in the ACD 
model in |5I(>| . We put to unity the QCD factor 

vx mm. 

B — > K^vv decays have been studied within 
the SM |18|. However, only an experimental up- 
per bound exists for B — > Kvv: BR(B~ — > 
K~vv) < 3.6 x 10~ 5 (90% CL) (TSJ, BR(B~ -> 
K~vV) < 5.2 x 10~ 5 (90% CL) Further- 
more the l/R dependence, studied in [7] turns 
out to be too mild for distinguishing values above 
l/R > 200 GeV. 



5. THE DECAY B -> K* 
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The transition b — > sj is described by the op- 
erator Of. The most recent measurements for 
the exclusive branching fractions are provided by 
Belle jSJ: BR(B° -► K*°j) = (4.01 ± 0.21 ± 
0.17) x 10" 5 , BR(B- -> K*~i) = (4.25 ± 0.31 ± 
0.24) x 10~ 5 and BaBar g^: BR(B° -> K*°j) = 
(3.92 ±0.20 ±0.24) x 10" 5 ,' BR(B~ K*~j) = 
(3.87 ±0.28 ±0.26) x 10^ 5 . 

In Fig. 4 the branching ratio computed in the 
ACD model is plotted versus l/R: the sensitivity 
to the this parameter is evident; a lower bound of 
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1/R> 250 GeV can be put adopting set A, and 
a stronger bound of 1/R > 400 GeV using set 
B, which is the most stringent bound that can be 
currently put on this parameter from the B decay 
modes we have considered. 
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Figure 4. BR(B —> K*j) versus 1/R using set A 
(left) and B (right) of form factors . The horizon- 
tal band corresponds to the experimental result. 

6. CONCLUSIONS AND PERSPEC- 
TIVES 

We have shown how the predictions for B — > 
KW£+£-, B -> B -> K*~f decays are 

modified within the ACD scenario. The con- 
straints on 1/R are slightly model dependent, 
being different using different sets of form fac- 
tors. Nevertheless, various distributions, together 
with the lepton forward-backward asymmetry in 
B — > K*£ + £~ are very promising in order to con- 
strain 1/R, the most stringent lower bound com- 
ing from B — > K**y. Improvements in the ex- 
perimental data, expected in the near future, will 
allow to establish more stringent constraints for 
the compactification radius. 
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